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[ K if si * a) m m ] 

[ St 5fc JS 1 1 

M R A M T A 4 ZSMfiCt 1 £ "? ft ->1 . 

gJlIlffilifitStiCif IT, J: "5H3«aHR«t»au . aiE 

±»aeJiti»i2is»att»o«*±c»sft7ia>£ 
c ss * Jl 2 ] 

»**i-n>zc*t»«*t*a**i zmMvum. 
[ m a: a 3 ] 

aiES:aa«a«e*aiEe»«aatajs*zis»f. 

aiaaatae*«±*a§e**±c»aLfc'>«<*fc2-3<?>iiHr*ife»a**± 

,7in, *Kftcii<i>««t*i. a a a a ra a , nte«&««9«HBXXttic 
iisisiciisrft. aiEJ£fi3aag#. aa««««<i>iBc»sKrtizi«*. 

a IE'>£ < U 2o<9l3&»ffiiSV i t<4>±IC»tf?b;feaiEai je^l^ai^t^SUT, A 
iESttl!ftlt««3»J:Z**iES3tS«lll!)«©IB(l))»lBKap«IISt»U.*8EeiLl!« 

a«yavaiE&flj«aa#. t n f n. a sb a 1 «« • » «j »* * ti ? i « * 

tafcfcC*tH«*t;sa**2CB«<l>fi». 

[ a x « 4 ] 

a le e 85 ffitt 1 1 a a? t a * . 

fia«ftataav-i i a±»j:&'aiE«a«a«E:»«-fz:i:s*. 
»iEB»«*titaiesaattSft < fez#«£*aa«nc»fleu , a ie £ an bb -i* /i # . ± 
an u * m ? * r ni^ 

c a * js 5 ] 

iiA'Hit. «a»iaai±»«»:5f»iE««a*rtc»B?u. *EiM'm* 

a 2 a y * jftaiE*att*±3ir «tcMieftaa*wc:»fl?u . asE^-pa*. aisa 

aiEa&macisz. a ie a y -r a * . a a a a a a * . a ie v - h* a t . a a a a a 
eaftj^atBaawttagafrvt. aiEis^misv^Qiic^^ufeaiESsi aaa 

a a a 1 iMitigcjfe^^x v v?nn7Sfflb7, a a a 1 a a a % a se a 1 a 
yts^aiE^iea^aiEazAyravaiE-y-HivaiEs^fiittiJif^^aiEJE 

a«tta<S>K*?ti*#-3*.a#t«a**I** 

ta>tfecvta«^t7a3Ka4icE«®»». 
c a * a 6 ] 

a a a 1 a a a * . a ie a 1 a y r a * . a ie a a a a v , aaazAyti*. a ie y 
- p i v , m&sL&m&MY . aiEaawaaajf «fc6f«iB«a««<9»*^ tast ? i 

[ I* * JS 7 ] 

a IE 8 1 fi<):y8 2 A'HS», ? > H tSt'C U t I «** 6 CE«(i)» » 

[ a 5K JS 8 ] 

a aaaa# . »tat'c^t»«^t3a*a5ciE*0^a. 
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[ H * Jit 1 0 1 

ftlE&3lfiBttl#. fkY y #y ft zmxik 5 c&M 9 15 fe. 

[ a * « 1 1 ] 

ftlElSfffiBttltt. Zv*/Uftt3fcC*tft«*tZa**5CiE*<0£flE. 
[ m * JS 1 2 1 

[ 8 * JR 1 3 ] 

BSiBiaiffittit f*j** z i««f. 10 

» 3 a y ri t » ie ± » ait I ± c »flf r 1 1 « ^ . 

Ate i J§<i> ^fis a <?>8p«-* . »E±»«tti<9»fr»j;s*»iEa3A 

t»Sb7. »§E#«»ttH*. »B±»aitti»j:c»MB*8 Ay n®»vt. te 

EaPfi8ttl<&ft!E«M±c#Tig>: 

tax.fec*t««t**ia*ja5cSE«<?>fift. 

c a * * 1 4 ] 

tei ji©*at«ttfKP»«'Y«iE±*itftS©**a5rj:z#«ca3Ayrii©a»ti» 20 
stug», xvf>7tst'cvt»«Yna*ai 3 iu §e «e 9 £ ft . 

«iei jA^nKititst^nHR^tJiJTJii set* 

© 55 ft. 

c a * js 1 6 ] 

ft lE±&PfiB<!£l# - Z v >7h&\ St'C V t fcft * t 3 1 3 C IE « <9 ft . 

c a % js 1 7 ] 

jbieb 3 a . >>ntst'cn»amji«*i 3cie«<?>£». 
c a * JS 1 8 3 

«lffl5:8S££t, ftlE#ffiStt*'UftlE±a58i<ltEfir «fe C*ii IE SS 3 A U -PE<?>ft§ES± 30 

c»*u. ffliB«««£.JSiKtt#. ftiE/SBPfia&sic** u TiJ?t z c * * s a 

* * 1 3 IC IE «! <<> 75 ft . 

c a % ffi 1 ? ] 

ft . 7-p»?»';. «ii:»iiffCvi-t?»iicut»an? 

a * S 1 8 C IE IK <0 15 ft . 

[ a * ji 2 o ] 

sin* lit , fflte»*«»£tt»a*«E«i«tt*ft*cftte*tt±c»«*zc*t» 

8 IU IE «! <D 15 ft . 

c a * * 2 1 ] 

MRAM^? 'Jf AatlSEtnS?JnT, 40 

6na»i*atsaoi«c»«u. sie* nbi»«js v ftSB«'jist 

3SE ? Z 2 ft « £ BP JS * . ft IE S ft * W* W ff ^ . ft IE S lb TO OIS n BP J: 2* ft IE 

§ 1 ® ± <9 35 1 JKtt/g^tSt-ISi*. 

^«ttit»iE«i«m©«*±c»j«r?iav.. 
a 2fia*t«t ftiE^«tftS±cBsj?t 

[ a * ji 2 2 ] 

ftiEiijii!«!aa.tF*j*?-3i*tf. 

KjEaftajBm«t«iE*«±c»sfL.ftiEBSB«ft»sm«<?>si©i»iEa«<?)»*# 

g W * 3 I & V , 50 
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S fb » JB t , ]»ERfi«tt;»S*ffiE£«<&]8EBl!lL<fc&#0±C»fl?*3 I ffi V , 
Hffii1IttIt«E«lftlJ:C»*niiV, 

l9GS4b*fBC% . »E«8©IBfl)»#*»*ft»* V . £ 8P S ib » ± 9 #S * 1 

. «E»<b**«OT<?)«lBiSat«flltIJ:7CXyf>7U. Jl!ilEllBittE#±a5 
ElfrilStttZ IS*. 

SSSESft»fll«t7 K y?iH7ftfflb. lBEtai!«HIUttffll6*3lS* 

t«/tfeC*t»«*t3tt*JB2 1 c IE « © £ » . 

[ m * a 2 3 1 

KiieSlLSiftiSfllfctSlli-tSI&tf. ffiEl1ffittS<91iyE±8P[H]J*Sii!StlfttU£li 
CVt*«*t3«*JJl2 2 IC IE © <2> £ . 
[ §8 5fO! 2 4 1 

«ESfl.S«l*fttJB«t3I«tf. 

11 A'jr)itmiiES<b?»1fl l JSnw^J;6'BylES<b«JlSa3S±c^^U> lulE^«^#. 
bu IE 1 1 A 'J fi ± C »JS ? ft 3 I ffi V . 

12A l J-P)itffl!ESft/i1fJSWfiP^J;6'SilE^*«±ICB5Ji , r?ia^« 
y-K0tJRESttIWS^ff»J:&'lKE12Ay**±C»fl?*3Ift*. 
JR5l*lfcItl»E»toJifl!ien»air*&'i»E y - H S±IC^S?U . tEilKtltf. 10 

ie & at mat 1 ± c »«? r ft ? i a * , 

AuE&«tBHiU #ofiESSlSflf *&* 3 fcd/)IC, fflEKfc****. BOIES 

ft « * , J»El1*ir*&'»2Ay-irji*, mi E $ 1 /§ * . « E 5> - K S * . Hu E & & fitt tt 
Mft * CUES 1 *ttS*tf|5|*cxYf>7*ft3ifi* ?«i;*,fec*t!ftS!V"f3 
E ffi 2 2 IC E « <9 £ 52; . 
[ IS fl£ « 2 5 ] 

BEIttlllltlvf >77 hy?SHT«ffll, ItilE^^iSlilltSfetlCV'?^ 
«Vt3«**Z 4 IC IE «! 9 £ >£ . 
[ IS * Jl 2 6 ] 

«!E^«ttJi»J:&n»iE»2aftSt«iiE»jaer3i«ff; 

milEl EBtftlt »E*HBttl±C»fl?* 2 18)! . 

»E1 2B»ttl*Jl!IEIHBtt*<&»frt . *E*«±» J:e#*E«*ll*# L» . » 

El 28SttJSft J: &f«fi#«tt*tf . » E « <D » E*« ± C »fc U . » r> 15 E 1 2 

**j|»J:Z#»EttMJIt*ER**3U*»f. »EII***±C. Su IE 1 2 ffitt § * 

« B I 0 » * » * I « * 

t«j^feC^t1fSl>:t3tt**25lCE«<?>^a. 

[ ffl * JR 2 7 ] 

1 3 A 'J -r* t sOEl 2 fia<ttS± C»J« U . 9 » * * E 1 2 «tt 1 * H * C R * ? ft . 
»E1 8 A 'J r V . JB'EI 2«ttS33rJ:2'«E^«tt*>J tl»St 3 X 

y f > 7tSt'C * t *»« V * 3 2 6 cEtt® fl*. 

[ IS £ JR 2 8 ] 

HI E 1 1 *V«fcZfl2A'J-rJi#. *>*A,t3t'C*t*f«**3a**24cE«©£ 

*. 

C SI X JR 2 9 ] 

SiIE^lii^.lHt§€'C'i:t!»ta , i;t3!I^JS24ClEta!©^&. 
[ m * « 3 0 1 

1 ] 

ffiIE^Siasel^.^Y>*'>t§^C , i:t!tf8i!^'r3a^JS24ClE«!0^&. 
[ E * A 3 2 ] 
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[ ft * « 3 3 ] 

•» IE * «tt « # . 7*S: , 5^ift»tSt'C)!t»ll^t?i*I2 6 C E tt ® £ ft . 
[ IS * JR 3 4 ] 

iiu!E5$2ffittM#. :vir^fttSt'CVt»a)!t3a««2 6 CE«<Pfift. 
C a 5K JR 3 5 3 

c a x jh 3 6 ] 

[ a X « 3 7 ] 

a * jr 3 6 ic e us <?> £ ft . 

[ a 3fc JR 3 8 ] 

»«#stfflie*««s:tta*±c»jsr z::v-£!tf8S[*tza*jR3 e cE«®fift. 
c a * * 3 ? ] 

? -V <9 '> £ < H 1 -3tiwEff*J* , tZI&#. 

*> «< n 1 o©55i ntsa«*itts«±c"»ja;u, sti le "> * < h 1 T^sasfi 20 

IlljbilJSV, filE» 1 3ft*fil£c«£K9E * 3 * 1 S ft » K » S V . 

Suissb i * ft » * w * ± * • IE * ft *«« n » 0 k t © ft I? »> ? . » c » 1 Sft^ssn 

S 2 A 'J y»±<9 5/ - K J§ V . «5/- K M ±V K&m&M Y > 8f & 31 Si 1 ± ©£8552* 

» 1 IHBttJi t . fliE'>« < U1 911 ElEl!flfi*)l®MEIba»BittS<S>Sl**± 
*J;»ll!lES»«ttl0»Eiy*fll*nc»JfftZI«*. 

*i±w«ttit«iffi»i^attti±c»sft?is>£. 

38 3 A y * E ? SO E 31 1 ±»«ttl±C»Sft7Itt^. 

« i Mestttttttiies 3 a y t iic»ku . iei massafi*. soe'> 30 
c a * a 4 0 ] 

sawc^ff : s!Siiifi8ift!»imMts*<9a5*±cff^u. soe«s 1 j§i£8£ft!&sm 
H^HoffiESS^ajfl-frBflirtizis*. 

si s ft » « t . m is as- 1 ttfi*ft»s***»ie*tt0jn!EBfflffff0±c»«i-zi 
« v . 

A e s 1 a y * JS t no E as 1 ift»iic»at7isv, 

«EHIt*Ei1 A'HllCBlStniK. 40 

BiE»ZAyrJit«iE»«l±c»aft?ia^. 

«E5>-Klt*lE»ZA , J'r*±C»**3I«*. 

ao!E'> 2 < * e 1 T<5easai«ffit»)S 1 2 £d» c . ft0ESii&ftt&s?i«<i>T<9S0 

flEMfrfctftlOEaiSapaifeS + CHft^C. «E8 I Sft»«itX h y?iV 

i7«n. * e '> a < n 1 T^iiisiiiiitist utv 

tii^unJfiUZl5KJl3 9 c e * 0 a ft . 

[»**4 1 3 50 
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iiftst, mi less 1 ^mm^.mmm<Fi & zsm&&®±cMjxt i, . 

MRAMC*G>'>«< * 1 ■)(?« 2ltUa»HtllC*«t Uf!^ 
t«X.fcC*t««V*ja*A40CiE«<l>£ft. 
[ B * A 4 2 ] 

m sb SB i aj:»B2Ay-r-*#, *>**taoc*t*i«**?a**4oc6«fl>» 
ft. 

[ a # A 4 3 3 
[ IS * A 4 4 ] 
c m * A 4 5 ] 

A IE V - h* ■ * . Iy^JlfttSt>C Vt»ftl!t3tt*JS4 0Ciei<!>SSt. 
C IS * A 4 6 ] 

85IE&3£fiBttl# . «T>*P>tat < C^t»«Ut3t««4 0Cfit«»JI. 
c a X A 4 7 ] 

c a * * 4 8 3 

89 IB * 1 ftffitti * . 7A§:-)Aift»t30CnRjaU2ajKffi4 0CIE«9^ 

ft. 

[ a * A 4 9 3 

su IE $1 ± 8P 5Bft 1 # . Zv!r)l»t9t , Cl!t»«vrj»*]|4 0CEII©55ft. 
c a * A 5 0 3 

/ >5<vtio<<)as2Siisaimi&t>fluiE95iittsas#3tc^«UTiiH«iic 3 F 

fiC»JKL. 85IEB 2 Sfl:Sft/i&it#, 85IE5& 1 fi Si £ « l«a * H - <!> S t S * . 
«iE»1»*«SSMtf. ^tiY*i®a«Eeitfi«a»tt<S>aieB3Ay*a±cay 

. #oBuie§si ft ztaaaaaataa* 2 c % tttft % t 3i*«4 o icisifc 
© £ ft . 
[ a ft A 5 1 3 

aisai^jJCfazsiisanitt^aiBaiviiffCvha?*^. 85ieb 1 §a« 

£»««Sf7 - K * Z * t * * «** 5 0 CEW©**. 

[ a * A 5 2 1 

a IE 35 ft*. 85lEBlftJ;£/BZSSz:§;fi/§«&ft±-?. a IE » * £ « ± « <fc Z/ 85 IE 
*«±C*JffUfc«*#a±?»y»*tl3C*t»a**3-a*A5OClE«0aft. 
[ a * A 5 3 1 

M R A M t* A 4 nifflf HS?Jn7, 

> ft a A t . flQiE'>«<vt2T9. aa?tife*fca««vasES*<?>±c»«u. 85 
ie a ft a a * . aa 2-5®. ^mr n^^^^^m^mmnn^^mm^m^. 

a 1 Ayrat»fc«fc*l±c»«t*i**. 

$S£-£85IEB 1 A'Jf SlCl^f 
aZAyrataiE*«*±G:»JS*3lS*. 

S^ffitt^tflulEV- Kl±C»*t?I*V. 
JSff*ttSt»SEJRa«tt*±C»J**"3l8*. 

Ivf>7CJn7, 85IE / >*<>:t2-3<5X^--!flSft«/m«(<9T<?)85lES«tBaib 

, tftc^oTSfraiEaftaitat'aftaaiatwau. taws*, bibb i a y r 
a*, aiE«as>:. bieb z a y * s * . bev-fi*. BKaatttta* ^cbie 
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hu iejs ansae 1# . *t <?±8psp# t icea^mfli t *» t z * 7 c « »iEXft»««t 7 h 
y?sn7«ffli, so §e E $ a$ a E v; . 10 ie js^saes v . hue v - h* s * \ «iisss2 

s 3 a y t st ffliE±a5fiatti±c^s)fr nsv, 
Bui2S8Pfiae^©?i«±ic, m&ttBttti*. f)£±&itttJift abacs 3 a U 

»B«3Ayrit«»r?iti>£. 

£ r 3 IS Y 

[ a * ji 5 4 ] 

fll IE A y f 1 # . ■?>5'^tg^U>;t*f^!VrzajKJl5 3 C IE $K © £ £ . 

c a * * b 5 ] 

A IE $ € I , atSt'U^tJ»iVtZ«*flB 3 C §E «! <9 3 . 
c a * JS 5 6 ] 

»E?-Fi#. ZvirAftt9t'CVt»*Vt Ji*«5 3 C IE «! <<> . 

c a * ji 5 7 ] 

A§e&&GBttl#. »Y>y>tSt'C Vt»«UJa«JS5 3 IClE«!0££. 
c a * Jl 5 8 ] 

ttlBKflSttttfftf. Zv*A'ftta0CV*1 l HR**Z»*JR5 3 IC IE «* <J> £ 52; . 

c a * * 5 ? ] 

A ft ft tttt 8 . 7i§I^/*i5^tttgt'C JI5 3 IC IE «! <?> & . 

c a JB 6 0 1 

AIE±fiPfia<B:S#. :y^AfttSt'CVt»«U3a**5 3lCiE«!<9fifc. 
c a * JR 6 1 ] 

SuiESEffl MtSt'UVt»«^r?«*Ji5 3 C IE 

[ a X * 6 2 ] 

A IE $1*8 7 - K »?9> y . A8E**fifrCvh*-?»>ZC*ti't«*rZtt 
* JB 5 3 C IE * O £ » . 
C a * A 6 3 ] 

«lft0tlBlE**ffl£S»a±CWfl?U. »-3«E»lft*t«liUfe*C. AlEfifc 
tS*»lHllCliy»tU.Yti»«Vt2»*«53ClB«<S)^». 
C a 5K « 6 4 ] 

«S3if«tz#j»8effi!i«<!)iH<!)eaj»*t«/t. AiETaps&<<>£±fiPS-±ic& 1 . aie&is 

±<9Sg*il * . 

A IE § IE ± ft <£ &< A IE fl'J it S> fH <<> 55 1 BM£ E * . 
A!E5Slfiatt£<i>flJa±<<>S32Bi'l£^* 

[ a * ffi 6 5 ] 

AIEEfiP*£;l£±ftJ;&'AlEfl l Je<<>li]<955l AHi?fti7, AIE5S1$1«#AIESS 
I A'JfiJtOJil A'JflV. 

A IE S 2 A y rl ± 9 -7 - K M Y . 
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hues' - FS±<9&a«Bes?»>->7. flyiE$sifiKtt£#flyiE&&BK<iig±ic;s?>3&8fiB 

t«3tfeCVt»«Vr?tt*JSe4n:lB*<?)MRAM7 , A>f7. 
[ a * JB 6 6 ] 

mse* i . ^<Dff**c±siy***t*Tzc}:tKfit>:i-ztt*jR6 5 ic ie 

[ a * JS 6 7 ] 

»E*1«tt«©»lE*K±©*«ttJi?ft-3T. » E#KttS»r . '>S<*685#tf)IC 

BOiESMffittg^flyiEifiPUfc-rafiPcft 1 ;. »"3j»iB»2*tti*iBiBif«tt*±cft3 

C if * « 6 8 ] 

H»tvr3«*«8 7CIE«QMRAMt"A^X. 
[ as 5K JR 6 9 ] 

flu IE $g It ! # . Ift»t«'CXt»linjl*Jl8 7CE«<9MRAMf An. 
[ tt Jfc Jl 7 0 ] 

lEAHl*. * > * * t SO C * t * • * t * » ** 6 7CBHMRAMf AU 

a 

C » * * 7 1 ] 

fly IESS 1 $«Jf # . $Btg^CVtiffM^t3aS««67IClE«!c?)MRAM7 : *An. 
[ » * « 7 2 1 

« iE y - f» 1 * . Zvir*ftt8t'C)ft»«it3I*«8 7 IC IE « <Z> M R A M 7" A 4 
X . 

C a * ft 7 3 ] 

n lEsasjttS^, *7>ar>tat'cvt*i«(^r?»*ji6 7cie«!<?>mramt , a 
[ a * ii 7 4 1 

fly IES6 1 SB<B:/i# . :y^^fttSt'CH««nia*«6 7ClE«9MRAM7 , A 

c a sc js 7 5 ] 

flu IE 7;U:^/,liltat§t'C Vt^lSn JSit:Jl6 7 ClE«S!<9 M R A 

MfA-f X . 

c a % a 7 6 ] 

J»lE±»ttttfff. Zy-!rJHtt3t<?Vt»aU3a5>!S8 7CSI9MRAM7A 
U. 

[9*87 7 ] 

fly|E552$*I#. *tSt'CVt»«[^)ri«*«e 7Cffit©MRAMf AU. 
c a X A 7 8 1 

»E»1»«JI#Cv hfi?J)'r mj|ES§2$ll#7-f-"&-?&3::*7?f®*?"3a 
* JH 6 7 CfilKDMRAMfAU. 
[ a * * 7 9 ] 

< X . 

[ a * IS 8 0 ] 

fly IE it tt <9 ft ± BP * ± <0 ttft <9 II K fl IC T fir -?* m 7 ft IB * * ft ? ft o t . fly IE $8 *i & 
ft »f . «S35f«*;&nBiEfl!)S<?>ia<?>ea»»»t J t*i i iriiSfr. flylEmft^HicS^&fSylES 
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»IB»1Ayf«±*J:&HBlEfl!l«nW<!>*1*«I^. 

15 e s 1 *«i±»j;e#ii!iiBfli»nwQ»2Ay'\ri>f. 

flUE»2Ay?S±ft£&fmiE« l JiiWa5<?>V-f ; lV. 
ffl§E5'-KS±3ir < fc?>fi!eflJ«flai®fia*ttfi*. 

»iE»i«tt/i±»j;c# / >«<vt»*ttciBE±a5iafrnwcft3^att*, j»se#« 

£§±0)952 ffi&i. «J:e*«lB» Z«ftl±<D»3 A'J -rltat'. flu IC S5 1 fitt 44 S ± 

<?>#!X<9:&*, 10 

[ a * ft 8 1 ] 

a e a r«ttitfH*aiftKiBiif*u. »^iiiE«2ffiai^s*«fiaSEip]t#tic 

C a X * 8 2 3 

8 o cie«!<!)^f U7;u 
c a * « 8 3 ] 

» E a y * ■ * . >>Htst-uns«n?a!r)iB0i:ii!f9yf 'j7"A4x. 20 

[ a >K ft 8 4 3 

»E*«lfr . IHtS^CVt!ltlB[*t2a*JS80ICE yr'A'TX. 

e 

[ a * js 8 6 ] 

«ie£atttti». »?y#>tst'uvt*«Hj»**8oca«(i>^f y?A4 
X . 

[ tt * ffl 8 7 3 
c a * ft 8 8 ] 
C S5 5K ft 8 9 ] 

By IE 35 2 fiStt J§ , zv*^at3fcC*t»«^*3aJiKJR80CiEtt<l>.Xty7'A'r 
X . 

C IS * ft 9 0 3 

ASS 1 %WMtfT < Y v h » ? ft «; . buESS 2 § H § # -t! > c 
3 a* ft 8 0 ICE!!© A E 'J 7» A < X . 40 
[ a * A 9 1 3 

BuESS 2$«E±icsfm&E? r «j cstc * t»iut 3 a*ft 8 o iuek© * t y 7* 

c a * * 9 2 3 

»EaiAy*i±ftJ;^«E«fc»W*«a®ai»«**. 
10 E 1 1 «*»±*ir«fc&e»EStt»*l«n»0aZA',Hra>!. 
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» c » z «* 1 ± fl) s a a y r » v 

»IEB3AytI±G>!S2»**?»>oT. 80 IE SB 1 tttt*C«L7iatI»2»*« 
C a 5K Jl 9 3 1 

AfiAHltf, >>HtSt'Cn»«U]i*«? 2C!Bt<5MRAM7 , An 
C IS * ffi 9 4 1 

tt BE * « fi . »tSt'C^t»«Vt?tt*JR9 2ClE«©MRAMf A-fX. 
[ a * * 9 5 ] 

« IB V - K » » . Zv*^»tat'C*t*l**TZIlJfc«? E CCtUMR AMf A-f 
X . 

C a * « ? 6 1 

ffilE&&8JttI#. R7 > # > t St'C * t*t«* * Z a*fc ? 2 ClE«!<9M R AMf a 

u. 

[ a * « 9 7 ] 

^ X . 

c a * * 9 8 ] 

ft 12 KM®. S . 7 /*«ft»t§t'C YSft&Yi ' Z « * * 7 ZCEtfGMRA 

[ a * * 9 93 

ffi§E3§2Biitt!#. = v*A,ftt3t'C*tft«>£?-3a**? 2 ClEllQM R AMt* A 
4 X . 

1 a * jm 1 oo] 

«Ea2S«fi;CH2>xa?»>y. MO IE 9S 1 SlS^fr/v H?»ZC)!tR«Vt 

2 a 9 ZCEI(9MRAMf A-f 7. 

[ a * ji 1 o 1 ] 

* X . 

c a * * 1 o 2 ] 

?DCvtt «te7-n-Cv?Cttfc7ftfcMRAM*EyiHBt3 4i'7 k OCv?5'ZT 

i « © « s air j: e# as iE «) e c « s. »a r ? js » » * t * u . TBP»«fij;fr j t<<>*±8Pfl' 

BylE#fiBtti±S>55 2 52^1 V . 

c a « ji 1 o 3 3 

B0iE$ea«it<9fiiEsa5fii3«-±3y<fc^iiiE« | JisnB5<9S»i A'ni?Jio7> so is se i ^ 
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18 E $ 1 $ £ 1 ± <?> !B 2 A 'J V A 7- ifc 7 . IIB V- P ltf*E« Z A 'J f i<5iC» J 

» 2 a y r A v . 

• E» Z Ml ± © » 8 A 'J * I? »> ■> 7 . B9IBSBZ»*Jl»«lSe»3AyrS±C»>3 
35 3 A 'J f 1 * 

0 4] 

Alex 1 m&Mtt ±®Bh-vkmm b , #-3MGttttttAtffliE : s 1 attAoiBEiffia 
[ a x « 1 0 5 1 

0 4CEH5?DC»y5'Xf 
[ tt * A 1 0 6 ] 

* E a y * A # . *>*^t3t'C*t«tt**z»jJ£JHi 04c8IC7Dfl»*yx 

T L . 

[ tt * * 1 0 7 3 

J» E A * A # . MtS*'C*tf»«*r3»«Jl1 0 4CS«<!»?D«yt->X7i*. 
C S5 * JR 1 0 8 ] 

may-Hi*. zv**«tat'c*t*i«*i-j»*«i 04ct««?Dflvty 

C S5 * ffl 1 0 9 ] 

AEABttttAtf. RT^if^tat'UnJItVtllXJll 04CE*9?Oflvf 
5/ 7 t U . 

c a % js 1 1 oi 

IEI1tttl». :vir*»tSt'C^t»«^r3i**1 04CEIfl>?OCyf 
C a * JS 1 1 13 

neiFiittAtf. 7 ^ $ z 7 z*tttta t stc * t*i » * 1 1 aaoi 1 o 4 icew^^d 
[ a * a i 1 2 3 

A E ± A *tt A # . = y^*«t8tfCit»ll){tJi««1 04CEAS<57'CH2v* 
5/ 7. t U . 
[ A X A 1 1 3 3 

AES62$mA#t2>7®?&y< «E« lUl^f* ?y H?JiKn»f*Vt 
Z A X A1 04CE«<5?QCytVXT/*. 

1 4 3 

» e a & ■ ± c»»#» t ft it fc c * t n« * t * » ** i o 4 c e «© 7- □ « v * 
i a * a 1 1 5 3 

7 , D'Cyy*ifJ;6'MRAMia»»f. » - f v 7lC*8t 117 II K VtJIS ? B« 
A 1 04CE*O?nCyt5/7f/». 
[ a X A 1 1 6 3 

BIAt£it7*¥;&flCA*TZ«R0l*a**ttt*A±C»*l-3I«*. 
ttRfl>ttftAtAE*«A*AEAHl**fl>±C»*U< AEttftA<?>?-S<«>*TSJl# 
. AEttli? tlfc*tt**©IH?U *»tt A t ** 3 «*A?»> V . A E « ftA © 7 * <9 
*S<H1l>. «EttftA©AE«*A±c»JSUfc*AA?ft . T^lcAEttft 
jf<9 7^<i>'>£ < H 1 Atf . »E*«A±C*JKUfe«a«ftA-?»)?IS)J. 
AEUSWAAtAtJAIEATABAAaA*. aifJi&faEttllA^lttEU^^BrlHn 
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y 7 1 J I S * 

c a * jr i 1 7 ] 

[ 0 0 0 1 1 

(5£uac?>#ff ) 

*?SBfl&, MR AM«}I<9 ^ifcfift ICH L . * ') U Jffl IC tt . « H I ± « J; & ft «*• M » 

[ 0 0 0 2 1 

( ft « 9 « 3S ) 

ij (MRAM) « m ti . Utl^lL'Stt^TllWtZ t«^iUX,^Tll3. 
[ 0 0 0 3 ] 

Soaft'x^h^^JSfii^i/T. «i « t r 1 j roj vuT&fc-aituvtf-??* 
$ v r^Tfij «:«®iB?6ftc«y*t)3. YftttlSfrJ^&TffttS&icisguT, fits 

S^EiJt^*, 2^c9^«Z}&ffl«Mt^U. t ft * # r 1 j ££l*roj HT^ 
yailC«fco7a*i!l*ftZ. MRAM^iiSitaJffliltfTt^jitC)!*?? Z <9 R 
. * * J « » K fl C o II 7 C © » tt tt« t * ill t J C V C J: ? . 
[ 0 0 0 4 ] 

^?«)SMRAMA0I-?I3;. ft $ 7 a h y V 777 < ?>SfflCll7ll < »J 7 

. -^cisffittJitt. Jfefiu Tita 7ftfc«0fi£«»«ft«fc&' i *©±n:iKZH«B.tt 

[ 0 0 0 5 ] 

-fiscxoivf >7t«iU7iiitiist?. xnivfy7c^7, h* 
1 q + >& t . ^ft* vt*«c r m »: c ? 3 j o * is * it z . coe 

/,«itt»Mnn<i)R, ^ft*. ant * «; * < t a«*icn ^ . ^ftiu^-^Ti* 

I©tt*tlEJt?®CA5«*atM'>rtt7>:*Jt»JftI# | 4?ft3. 7Hlvf> 
7 I* , •Ji-A^tJBaJ^SHHI^tt^B^tt^T^CWSI^^fetf). V7- 
B £ A U . 7 «J C . C9IlCJ:^74DnCJ"!)H/-y>7lv ! /i:*i)3l l JC 

[ 0 0 0 6 ] 

U^tfUSftd". M R AM*tt©«IS*II - MO 7 * 7 U - 5/ 3 >R&Jt . »i<?IlS» 
#1**^7. iXtffS* ft 1 J . 7*C. 'Ji-Aift^i'ift-SMtXB 

T 2 dft IC, XOIvf >79ft5*«UMRAM«S<?lDIt*fJ?>iiT. 
[ 0 0 0 7 ] 
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ffilU. S5l6ISCJ;i7MRAM^vM»lSf JCVt^iCtJ. 

Sel^IiCJ:^, tl*ttlt-#ftt?MRAM5S»i*t»-I»f >7X 

[ 0 0 0 8 1 

C0lSlC«fcoT> hl/>f Iga«t«ffllSH?MRAM«)ttSfFt?UV»?f 
I. t *l tt , **7»l-y i /757<Cfli7»*tt3»J;6fH3il«!)fe«<!)ia^fllJ(©XC 
>Xvf>7Cff7aiI©0r"J-3» i <5^<tl»5)StI. "itlCtiT, MR AM 

[ 0 0 0 ?] 

SJffl«8liBBlCJ;o7r^lCW5l!CaiSrtl<fc?. 
[0010] 

(»*uuSife<«)»®<?)»JB«siiaH) 

<?>SiS#*t«BtZ::*fc^«-?»>y. #-3***i<l>j*;g*fel*eB#«Ji8Jtt*Z;:* 
[001 1 ] 

r g & J ft £ r •> x - A j V I) 7 Imtt . JHT0>iG7'ttS*ttt*"57*B?il7fir 
V . ff g<5¥f 1$ 1 - 7«ii t §t-C V #"? 3= I . ^©m&CI*. -7 'J □ 7 . «»#±7 
y □ 7 (801) . V y □ > 2f > t 7 7 7 (808) . K-7*aSr«fcZ*#K-7-¥$ft. 
^-Z¥£#Sa5CJ:^7£ft7tt3VyD79XC?7 7*^Sfr«fc^©¥§# ; l£& 
tfStft? C * tM? ft. fell. ¥Sft2)fV y □>'X-X7-J)?)JIR5ll. 
7 y □ 7 - 7" )U Y Z ^ . T h 7 Z 0 L Z fctt t \t1t 'JO L~b % & I) . J*T©8iW?** 

IDC t*<i)l8XTy?tftffllfcaS£ifi^ 
[001 2 ] 

r £ g j * I ) 7 ffl S tt . 5c*4HB:»y?«<. »(!)S!ISIt3StZtI*fett*l 
[001 3 ] 

t9l)ftl*l*ll. UfctfoT. J)lTC!K«tnf v?i5* <B. H £! ft) £ PI J* -? 
[0014] 

SI 1 € . *«fcirS»mtt!(M1)thU7f«fi»C3l-3fcto3Jl&*frttl> 
MRAMfcttOKftEfctHttf ? C ttlhl . T^C, *S&75fc-?l*. 19MRAM 
mScftlflfSflfft^ tl 3 . C <i> «£ 7 & $ 1HD ft # > MlfflitlS®, tSfit?*^* 
h « » * © * © Y * 7 U - y a > t & ± t * C * C * o 7 *»ft * ? * C ft ± * tt . JO I 
f CMRAM7 » y JtliCRJStJC^t???. ? •} C, *^?l<5lStill ? C 
^CJ;o7, H«jg<i)^W(9H^mS£97tr7Xyf7 7lCSar3iDI9l3: l iT? : ^|Bl 
* C . ft37*hyy777<C«a*3fflI<5R*4^*<tfl*iH7ft3. * * IC , * 
?SBfl075fclU£ -5 7 . MRAM»4<5l««»ttfil±?ttUlDC. ±8PfittttS (M2 

[0015] 



Patent provided by Sughrue Mlon, PLLC - http://www.sughrue.com 



(14) JP 2004 51985? A 2004. 7. 2 

ttfh <UTE08tfettCVDHt»(!)ll Itfflfc-aTUZtlBJBRCftZa] 

It^MRAM^t'JC^iDilBtft. iK & I 1 11*. K)5 0 0 0A<9Jfr-?«itft 
V « «J * I) . CM0 87 7«Xh7> : /X^ (@/Tvttr) I* , t*«<?IiCJ:^7!!ff 

ig^ffi<9^ i ;^^6fTci)^«iW<9¥«ftS8±?yj;6'iiona!crpstiu>:^-?fz 

. » B * I* ^ □ - ? h 9 > ^ X * « V © tt <!> K 5 > 5/* 7 * # C <0 H l> 1 1 0 + ?J) 3 
. MRAM7l/'f<?>T«CffK*tl3. : <i)J; ? SM R AM I- 7 > <5liS"5 i - 

SCCMOS h7> ; /X?Sllti)SL. TiiCCtmofcaQlcTBftltSl 1 £ 1 
t t I » 1 0 ± ? 45 ft ft 3 . 18. 1 0 ft &f 1 11*. JH»®aiZfy?fl>Ai/)<!) 

nnK^?n. 

[001 6 1 

ftft %! I 1 2 t IB 3* 1 1 1 ± C » JS t 3 . U ft tt . ft3?&*ft(CVD) CJ;Z5V. 

ftZC^lfeniffifDIy f >7t!»jht? feO)C, COKItllil 2t7a^'77h 
1 4f A9->ifKt?. ^©«artl*«ft»Sl 2 HJKtt , 5S 1 8 ft ® PB <f , 
MRAM^ y 5 3 2 9*JI)<5 C A 1/ - J H 7QfiMtlfet. 
[0017] 

:U?12t#Stn. 7ih^/Xh7X7l4tSffll7, ft «5 S 1 2 <9 8P ?> t 
|5*SUTT§5©$Eitgl 1 tlil7tt?. C ft I* . l**U*l) 4 fc*l>i<!>»*±C. 7 * h 
U =/7 K 7 7 7 1 4t3S«Ufe&C&&975fc?}iJff7-3CV#-?? : 3. n-tSiitl 
lyf >7CiB^7 7 7 Cy I- I y f > 7»S1 qlft?9) X^-f I» f >7»IB 

7scift*t?fiftin»c5iAu. xu?»ft*ftfc**ti*s* s 

y)<5lRKl'5i v Hy f >7teiRl^?$)Z. 7 * h 1/ s / X h 1 4 4 1 * ft » 1 1 2 <9 
^SaP^l^'i^ST'ZC^tT 1 ? 1 ?. :<57jy?7B;, g| 2 C f 7 <fc ? C <l« 9 M R 
A M 7 ? y 7 3 2 ( H 7 * «) © H C ft 2 £ t& 1 0©8Pfl-±CB8ft!B!>Sl 2 t # U T ft < 

. c*m©«ft»*i 2<i>^t?a5«-^'7x-A±n©ift^^«iJ;?-icS07-ft7u3. 

[0018] 

H3t*SR*3*. »CMRAM^vH2 (H7*») <9 £ 8P 8P # 3 8 (B4*I) 
tlftZfettC, -«<9S»«ESttSl 1ftJ;^^^iSft!B5l1 2±CJf«rtL7UZ. 
CftiKPKPil I»*i»ftl1 6 "? ft 3 . ^ <P * ft » 1 1 6tCVD, 77X7CV 

«itfti**«j«ii»f. 2 o o A£^r?tt7JiU. 7;i/$z-7^^ftD. v u □ > « 
ft»*fett7^5z^A$ft»«v®*oftast« i ecttttticfcffltzcvtf-?? 

I . UfHtttH B ±-IC , n?l<5ll 8t**T?. C <9 * > * 1 8 B . to « 
.•AHfiJ:&Iyn7X^?S7Jl l i. fi 1 0 0 A 917 C X A y ? 11 7 K V 
flr ? ?= 3 . )X IC. y>H9S'l 8±CSH<?)l2 0t*ift?3. U<i>SH0£2O#. fflS 

«»«t»fl?u . »tmramii§ (mi 22) nicMosii o^^mmt i 

*-lU*tf-?^3#. -tft«:02OOOA®J?7?^ittll3:«H«l). C©tH<9l20© 
flSUatMRAMf AHCltJf^v H*iBCv h8n7«ffl7?C):» 
■* * 3 . ^HtSt'MCA'Hll 7tSBci)S20±ICtiatS. CDA'JfStt, 
D 2 0 - 4 0 0 A<9f7?J:ll. C © A 'J f 1 1 9 * . JS © SH 1 3& U "7 »Sf t 

Zflflltt***. »ICJ£8PBItti««CSIt?V-K iMtCtl^ll 6. 1 8. 
1 9. 20±CJt«t3. tQV-Fitt. NiFet§t:);ff7?, » 1 0-1 00 
A©»7-?«itftia:«m«u. :? <*> ;/ - K § 2 1 IC «£ •> 7 . )XlCit«?3&&ffi'l£l2 3 
<3>}|jEtttt*fl?*flfsr*C«3. *W«tt«<S)H«tg*cr?feiDC. SStfiBttS 2 3 
ty-F 1± ciffi t J . * <*>&8fi£tttS 2 3»FeMn7<t < , » 1 0-1 O0A9I 
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*?«itftl**»J*l). IlKfti (Ml ) 22tC®&a«tt!23±C#SK*Z. 
[001 9 1 

awttc^^itiauttwr?. Taj*«c*J u -z®n tsc it « dm 1 §2 2 ©bp^ j; 

19, 20. 2 1. 23. 2 2 ti«t3. 
[ 0 0 2 0 1 

S ft £ 1 6tt&lfft<fc&<2B/i-?i?>7. 1 tftltli9lia?HI;l« , )i » hBSt^l 
IC t 7 £ Jf * « ') . TC^eflf ?CMPlS<9feiD<5X I- v?Si5iSSJtr 3<9?, ^ ft 
ttttR<5I*XTv7'<5S5Bft<l>«Pa'tJlfc*'. ^tftttMRAMfllife^^W^y/- 1 / 
C«t?8IAH?llV, t* < f v h»t^«i'tIiB<i)S2 0»>5<4>ffl(?)Y'f7U-V 

3>l»jttttlt*. 

[ 0 0 21] 

ZAv*y>7*jtl*»«tt«5«fV©ff»©**fl)**CJ:-3T. M1 12 2tfiitZ 

n»?n», «stia>fc»i)7»i 0-1 ooA9Jfr7*«itfti3r*H«u. m 

112 21*. :v^)HSdAH (NiFeCo) §1. * tt ff * <5 H « ttlltGtttt fc 

<fc L) . C0»1«ttl22ttZyi7-^»(NiFe) * U I) . Mll22l3;llSt 
IBtJ^C«]», M R A M S> ft + . Ml 12 2\«)77CX^i:. ^ <?>£<«> SB §1 E 
GlffEfc? ftT I) 3 C * t *■* * 3 . COM 1 i 2 2 1*. l-JflCltUfe«fftC<i) 
M1 S 2 2©£d))C£!ffT7T8Pci>&&BStt§2 3 *«SftU7ll7<i>-?B«?-ft7. 
[ 0 0 2 2 ] 

■ 4t#Itn. »»lfc**1 21*11 B. 1 8. 1 9, 20. 21. 23. 22 
9«*ftJ:&«iklll1 2g#tl^£U . T8Piffi*i^ 1 ItimtUK. Jt»Ufcl* 
1 6 . 1 8. 1 9. 20. 21. 23. Z 2flJ:&T»i!»Sl*«ft»l 1 ZtA 
9->r^b#TXyf>7tZ. C ft I* . 7ylt*«fIyT>7tJCVi:io7 

iisnc^?n. ii 6, is, 19. 20, 21. 23. zz^.s^wswi 

S24<S»Wfl5C$£t7J;?-C. ^ ft HO ■ t . 02CKaUTSiaBtfeJ;?C. * W C 
<b * Ji 1 2t»SUfe«giStJSl 1±C»r«itftBf«»J«H. » IC. Sft»Sl 8 t 7 
h y?SH7Sffll7, tft^itCMP ( 3 tt« « fi « IS ) CJ:i7fflb, El 
4CStJ:?CMRAMS>Si»8 8 <9 £ 4fi <9 it 1 1 ff? EE t 7 . 04JfJ;&'08lcmfJ; 
TIC. ^<9# ^ft 7 &)itt . & ISP 2 ft 3J» 1 1 6#. MR AM&%.o>&B<<>&? 
^i«IS2 4 ^^^SSJOfiriC^tll 1 6 QftftfetiLtoft * trtttt J £J#ft 
ft?*Mtftl**iJ«l». A t<?}*}&<9£±fl!<?>M1§2 2l**fe. B43if*Z*H8Cmt«fe 

>c, stt»(0ffl»24<5«S5j: , ;T£c*>7iy/C#*«2 etii*fc**itfti**»i« 

II. Mll2 2<5U<!) 1 l;.?5l!3/-Si6«2 6tt, ii 6, 18, 19. 20. 21. 23 

, 2 2<9ar*ffo«*t«c < fcD?s«c£Ufct0-?ift , )> r^c. H8ciib7±?a 

BIB U J: J C , Mll2 29C<i)cfc?SIH]/C^m«i2 6 £ fc , )iS.U**B.riUS^!E)il 6 
?F*SKU£<5-?> CMPIitf^i^^fe. C <9£&C<fc :> 7H/C£«SS 2 6 tf?S!Ct 

? JDIOW ij o f I»lb . Lfetf^i'Jfi-saitflUJ. Stt»$>«8 E 4 
fAa^StiatifeWC, StttIyf>7C«IU7Ufefe 
^CfS£9$ft#&o£&}&li]<5>7"J y=/>7tBiit^l;CJ;o7, ttfttttttifttt 
* « fi ? . *t®WB24tt*fc. i<5S2 0tSD)i«). #-)»»7<-/y Hl#HaB 
©V«PliC6T^7U-5/3>U*l)*'JCt7. S ft ^ fl'JM 2 4 & ffi © (I ffl I* . WIS 
24<D»SfC*#tI*«?)«ft»A*->#. ffii*«)Cag?ttSH1 F 1M X* C ft 
t» 7 ( o. t «3L IF size) >-IRif*W(Sin> le critical a. I i 
^nment) 4*> 7 *• Afi C . MRAMZ*v?3 2 t»Kf ? felD?)* 'J 
J) 7 . 
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[ 0 0 2 3 ] 

t? . C Qftttttfi 2 8 K . 7*^:HHt* (A I 2 0 3 ) iJfcttHf OftMtSt 

zaigjUBatt*?^. © 1 1 * a 1 o ft &ztftMz $ v o lqj n^zo u^m^. 
. «^fe«fc7cu©Stt^ » TMRAMSi^ftt, iticitn>n 

tt ft* 1 . «3-tt*l*fettAy*lfcL7<DttIltJllfe*. 7 k SS Z ■> it w © »at 
tt«Z8tt. 2 o 9fi8tt§<9fiBSlie6)#£*!t7 *V . "ttl «J t*3l 7 tt* <?>?, l^tt* 

i v l 7 <9#sj t ttttft. »»i*i2 8«pii?*tAb7tt*tft 10 
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SELF-ALIGNED, TRENCHLBSS MAG hi ETORBSITTVE EANDOM-ACCESS 
MEMORY (MRAM) STRUCTURE WITH SIDEWALL CONTAINMENT OF 
MRAM STRUCTURE 

FIELD OF THE INVENTION 
Tliis invcmkiu Rcucrally iclatcs to a method of fabricating an MRAM structure, 
and more particularly to an MRAM structure that has a pinned layer formed above an 
iusuiaiiiifc layer and widiiii a protective sidcwall. 

10 

BACKGROUND OF THE INVENTION 
Integrated circuit designers have always sought the ideal semiconductor 
memory: i device mat is randomly accessible, can be written or read 'cry quickly, is non- 
volatile, but indefinitely alterable, and consumes little power. Ma giielo resistive random 
15 access memory (MRAM) technology has been increasingly viewed as ottering ail these 
advantages. 

A magnrnc memory element has a sTnitrure which includes magnetic layers 
separated by a non-magnetic layer. Information can be read as a M l" or a "0" as directions 
of magnetization vectors in these magnetic layers. Magnetic vecron in one magnetic layer 
20 arc magnetically fixed or pinned, while the magnetic vectors of the other magnetic layer are 
not fixed so that the magnetization direction is fice to switch between "parallel'' and 
"antiparallcJ" states relative ra the pinned layer. In response to parallel and antiparallel 
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srare.\ rhr magnrrir. nti*mnry element represents two different resistance sates, which are 
read by thr memory circuit as either ? u ^ n or a **0." Tt is the detection of these resistance 
states for the different magnetic orientations that allows the MRAM to read and write 
information. 

' S In standard MRAM processing, there ire certain sensitivities related to the use of 

optical photolithography. Typically, the ftee magnetic layer is patterned scpaiaicry from a 
previously deposited copper interconnect line and the pinned magnetic layer, which rests 
over it. This separate patterning requires a photo-step, in which registration is critical for 
placement of the fixe layer over the pinned layer. 

10 Spin etching is typically used to form the pinned layer. Spin etching causes the 

pinned layer to be "dished" or recessed in the center to a greater degree than the more 

exterior regions. This recessed shape is desirable because it is thought to cause more of the 

electromagnetic field to be directed at the fixe magnetic layer, thereby reducing the current 

needed to change the stare of the free layer. Spin etching is notoriously nan-unifbnn as it 
ts relates to die variations between the center and the outer regions of die wafer. 

Additionally, there arc problems with lopsidedness at the trailing edge of the spin caused by 

this process. 

It would be desirable to have a method of fabricating the MRAM structure 
whereby the structure is formed in a more accurate and reliable way. Sidewall protection of 
20 the MRAM structure, prevention of copper migration, and accurate detinition of the 
structure arc aJJ eharacceristics desired to be improved. Additionally, processing of the 
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MRAM structure without need for spin etching so as to achieve a more uniform structure 
across the wafer would also he advantageous. 

SUMMARY OF THE INVENTION 

5 This invention provides a method of fabricating an MRAM structure. The 

MRAM structure of the invention docs not bave the pinned layer recessed within a trench, 
but instead forms it above an insulating layer. The method provides a sidcwall protection 
for the bottom magnetic layer of the MRAM structure and insures a more reliable 
structure, which also allows definition of die MRAM stack by a self- aligning process. By 

10 this self-aligned process, the bottom portion of the MRAM stack, incorporating the 
bottom magnetic layer, is defined in a single etching step and the top portion, 
incorporating the rop roaguctic layer, is defined above the bottom magnetic layer in 
another single, self- aligned etching step, which positions the top magnetic layer over the 
bottom magnetic layer. 

15 This process allows for the fabrication of MRAM structures without employing 

trench process technology. I: eliminates many of the sensitivities associated with optical 
photolithography as well as the process variabilities associated with spin etching of the 
recess region tor the pinned layer. Finally, it allows for accurate, control ot the top 
magnetic layer in Us positioning over the bottom magnetic layer so as to improve the 

2!) electrical characteristics of the MKAM. 
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These and other features and advantages of the invention will be more clearly 
undersrond from the following decailed description of the invention which is provided in 
connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

; FIG. I is an ilhumiiou of aa intermediate stage of processing of the MRAM 

device according to the invention; 

PIG, II is an illustration of a stage of pressing of the MRAM device according 
to the invention, subsequent :o the stage illustrated in FIG. I; 

FIG. HI is an illustration of a stage of processing of the MRAM device according 
10 to the invention, subsequent to the stage illustrated in FIG. 13; 

FIG. IV is an illustration of a stage of processing of the MRAM device according 
to the invention, subsequent to the stage illustrated in FIG- ITT; 

FIG. V is an illustration of a stage of processing of the MRAM device according 
m ihe invention, subscquenr to the stage illustrated in FIG. IV; 

l j FIG. VI is an illustration of a stage of processing of die MRAM device according 

tc the invention, subsequent to the stage ilhistrated in FIG. V; 

FIG. VII is an illustration of a stage of processing of the MRAM device 
according to the invention, subsequent to the stage illustrated in FIG. VI; 
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FIG. VIII is a cutaway perspective view of multiple MRAM devices illustrating 
rhe intcironncct herween top magnetic layer islands in relation to underlying bottom 
magnetic layer lines: and 

FIG. IX is an illustration of a processor- based system having a memory circuit 
s and incorporating an MRAM device fabricated in accordance with the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following detailed description, reference is made to various specific 
embodiments in which the invention may be practiced. These embodiments are described 
10 widi sufficient detail to enable those skilled in die art to practice the invention, and it is to 
be understood that other embodiments may be employed, and that structural and electrical 
changes may be made without departing from the spirit or scope of die present invention. 

The terms "substrate" and **wa£er" are used interchangeably in the following 
description and may include any semiconductor-based stnicmre. The structure should be 

\s understood to include silicon, sihrnn-nn insulator (SOI), rilicnn -on-sapphire (SOS), doped 
and undoped semiconductors, epiraiial layers of silicon supported by a base semiconductor 
foundation, and other sernicondiicror stnir.mrcs. The semiconductor need not be silicon- 
based. The semiconductor could be silicon-germanium, germanium, or gallium arsenide. 
When reference is made to rhe substrate in the following description, previous process steps 

20 may have been utilized to farm regions or junctions in or over the base semiconductor or 
foundation. 
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The term "metal" is imended to include not only elemental metal, but metal 
with other trace metals or in various alloyed combinations with other metals as known in 
the semiconductor art, as long as such alloy retains me physical and chemical properties of 
the metal. The term "metal'* is also intended to include conductive oxides of such metals. 

5 No particular order is required fur die method steps described below, with the 

exception of those logically requiring the results of prior slept.. Accordingly, while many of 
the steps discussed below are discussed as being performed in an exemplary order, this 
order may be altered. 

The invention provide* a method of forming an MRAM structure that does not 
10 require the pinned layer, that is, the bottom magnetic (Ml } layer, to be recessed within a 

trench. Additionally, this method results in a protective sidewall for the MRAM structure. 

Such a protective sidcwall adds increased reliability by preventing the migration of copper 

out of the Ml interconnect line, that is, the digit line, and also allows the MRAM stack to 

be accurately defined during processing. Further, by using the process of the invention, 
13 many of the sensitivities associated with optical photolithography are eliminated, as are the 

processing variabilities associated with spin etching of a recess region for the pinned layer. 

Finally, die method of the invention allows for accurate control of the top magnetic layer 

(M2) size and positioning over the Ml layer so as to improve the electrical characteristics of 

the MRAM structure. 

10 Referring now to the drawings, where like elements are designated by like 

reference numerals, FIG. I depicts a cross-section of an MRAM memory cell during 
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processing at an internediare sragr wherein a sanicimriiicrnr layer 8, a layer 10 having 
CMOS access and logic transistors over the semiconductor layer 8, and layer of insulating 
material LI, preferably TEOS or CVD nitride, are provided. The insulating layer 11 
should be about 5000 Angstroms thick. CMOS access transistors (not shown) can be 

5 fabricated over the semiconductor layer 8 and within layer 10 in the regions around and 
under the periphery of the MRAM array to coarrol the functioning (reacting and writing) 
of the MRAM devices to be fabricated by the process of this invention. Other transistors, 
such as logic or decoder transistors axe fabricated in this same layer 10 but under the 
MRAM array. Such a tuuGgurdlkm of the MRAM transistors conserves valuable space on 

to the wafer. All MRAM fabrication steps discussed hereafter occur over the layer 10 within 
which the CMOS transistor structures are formed and the planar insulating layer 11 surface 
formed over theses structures. Layers 8, 10, and 11 can be considered to be a substrate for 
further processing steps. 

An oxide layer 12 is formed over the insulating layer 11. This may be 
15 accomplished as known in the art by any convenient means, such as by chemical vapor 
deposition (CVD). ThTs oxide layer 12 (s patterned with photoresist mask 14 to prevent 
the etching of regions that will not be removed until later processing ttcps. The protected 
oxide layer 12 regions will serve as separators for me MRAM stacks 32 during the first 
stage of fabrication. 

20 Referring now to FIG. II, portions of the oxide layer 12 are removed using 

photoresist mask 14 to expose the underlying insulating layer II. This may be 
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ar.cnmplislx:d in multiple ways after the photoresist mask 14 is developed over those 
portions not to be removed. A spacer oxide etch phis a facet erch can he used; a spacer 
etch can be used; and use of an oxide implant into an non-oxidized layer followed by a 
selective wet etch to remove die oxidized regions can be used as well The photoresist 14 
5 is also removed from over the remaining sections of the oxide layer 12. This step leaves the 
oxide layer 12 over portions of the substrate 10 that are between the future MRAM stacks 
32 (see FIG. VII) as shown in FIG. II. These remaining sections of the oxide layer 12 are 
intended to provide tumour* to die upper surface of the wafer. 

Referring to FIG. Ill, a series of layers are next deposited over the insulating 
10 layer 11 and remaining oxide layer 12 to form the bottom portion 38 (sec FIG. IV) of the 

MRAM stuck 32 (sec FIG. VII). The first of these layers is an insulating nitride layer 16. 

The nitride layer 16 can be formed by CVD, PECVD, or AID, and Bhould be thick 

enough to be able to form sidewalk, less than 200 A should be sufficient Other insulating 

layers can be alternatively used for layer 16, such as ahiminum oxide, silicon oxide, or 
15 aluminum nitride. Over this nitride layer 16 is deposited a layer of tantalum 18. The 

tantalum layer 18 is an adhesion , barrier, and etch stop layer, and car. be sputter deposited 

to a thickrxss of about 100 A. Next is deposited a layer of copper 20 over the tantalum 

layer 18. This copper layer 20 forms in interconnect line and is the current carrier 

between the MRAM pinned layer (Ml 22) and associated CMOS circuitry in the 
20 underlying CMOS layer 10, and it can be formed by electroplating or sputtering, and 

should be about 2000 A duck. This copper layer 20 interconnect can be used as the digit 

line, or bit line, fur the MRAM device. Over the copper laycj 20 is deposited another 
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barrier layer 19 comprising tantalum. This barrier layer can be about 20-400 A thick. This 
barrier layer 19 separates the copper of the digit line finm the subsequently formed layers. 
Over these layers 16, 18, 19, 20 is next deposited a seed layer 21 for the bottom magnetic 
layer region. The seed layer may comprise NiFe and should be about 10-100 A thick. This 
5 seed layer 21 enables proper crystal growth of the next deposited anti-ferromagnetic layer 
23. An anti-ferromagnetic layer 23 is formed over the seed layer to enable the pinning of 
the bottom magnetic layer. The and ferromagnetic layer 23 may be FcMn and should be 
about 10-100 A thick. Over this anti-fiaruniaioictii: layer 23 is formed the first magnetic 
layer (Ml) 22. 

10 These layers 16, 18, 19, 20, 21, 23, 22 are deposited in a cunfornal manner, 

a.s shown in FIG. IE, so that ar its highest point relative to the underlying substrate 10, the 
nitride layer 16 deposited over and on the lateral sides of the remaining portions of the 
oxide layer 12 is at a higher elevation than the lowest porrioa of the Ml layer 22, relative 
to the underlying substrate. 

IS Xhe nitride layer 16 is a protective and containment layer. Ft allows for part of 

the self-alignment of subsequent process steps because it provides a differential layer to 

allow a we: removal of the oxide at a later stage of processing, it acts as a stop layer for the 

CM? process described below; it is a containment barrier against side damage to the 

MRAM structure and helps prevent the migration of the copper from the copper byer 20 
20 forming the digit lines. 
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Thc Ml layer 22 may be deposited by any convenient method, such as by 
sputtering or evaporation techniques, and depending on the materia]* used, should have a 
thickness of about 10-100 A. The Ml layer 22 may be one or more layers of any of a 
variety of materials with good magnetic properties, such as nickel iron cobalt (NiFcCo) 

5 alkjy, or any similar compounds or alloys. This first magnetic layer 22 is preferably mckel 
iron (NiFc). The Ml layer 22 will form the pinned magnetic layer, meaning that the 
magnetic orientation of the layer is fixed during the accessing of the Ml layer 22 during 
MRAM operation. This Ml layer 22 is pinned because of its association with the 
underlying anti-ferromagnetic layer 23, creating a singularly-oriented fixed magnetic field 

10 for this Ml layer 22. 

Rrfcrxing to FIG. [V, the just deposited layers 16, 18, 19, 20, 21, 23, 22 and 
the underlying remaining oride layer 12 are patterned and etched so that the regions of the 
layers 16, 18, 19, 20, 21, 23, 22 over the remaining oxide layer 12 and the o*ide layer 
12 itself are removed and the underlying insulating layer 11 is exposed. This may be 

15 accomplished by etching with IIP acid. The layers 16, 18, 19, 20, 21, 23, 22 should 
remain over the insulating layer 11 where the oridc layer 1 2 was firs; removed, as described 
in relation to FIG. II, so that the layers remain ewer the nitride bottom layer 16 and within 
the nitride side walls 24 created by the selective removal of the unwanted portions of the 
layers. The layers should next be polished by CM? (chemical mechanical pnlishing) using 

20 the nitride layer 16 *s the stop layer ro form stacks of layers for rhe MRAM bottom portion 
38 as shown in FIG. IV. This resulting structure should be such diat the bottom nitride 
faver 16 forms complete sidewalls 24 for rhe entire height of, and a remaining bottom 
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portion of the layer J 6 for the length of the bottom of the MRAM itnicturc as shown in 

FIG. IV and VIH. Also, the uppermost 6m Ml layer 22 of the <micnjtt: should 

incorporate a recessed region 26, as shown in FIG. IV and VIII, which is below the top of 

the nitride sidcwalls 24. This recessed region 26 of the Ml layer 22 is a natural occurrence 
5 of the conformal deposition of the layers 16, 18, 19, 20, 21, 23, 22 and the CMP 

process, and as discussed above in relation to PIG. Ill, was made possible because the 

uilridc layer 16 was formed at a maximum height which was above this recessed region 26 

of the Ml layer 22. Forming the recessed region 26 by this method eliminates die process 

variables associated with spin etching of a recess for the pinned layer as used in the prior an, 
IU and therefore, results in a more uniform structure. The nitride sidcwall 24 provides 

structure reliability by preventing bridging between structures, which could occur in the 

prior art because of the reliance on anisotropic etching to accomplish device separation. 

The adcwaU 24 also confine* the copper layer 20 and prevents copper migration from the 

digit line into any surrounding layers. Using the nitride sidcwall 24 technique is a more 
15 accurate method of defining an MRAM stack 32 because the initial oxide pattern, which 

contributes to the sidcwall 24 formation, is a single critical alignment at a IF size that is 

nor registration sensitive. 

Referring to FIG. V, a non-magnetic layer 28 is next deposited conformity over 
the lavcr stacks and the insulating layer 11. This non-mognetic layer 28 can be aluminum 
20 oxide (A1 2 0,), or another suitable material with equivalent characteristics, and can be 
formed by depositing an ohinunum film over the substrate 10 and layer stacks, and then 
oxidizing the aluminum film by an oxidation source, such as RF oxygen plasma. This non- 
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magnetic layer 2S should be about 5-25 A thick. As stated this layer is non-magnetic and 
serves as mnnH oridf., electron \haring or a barrier layer for the magnetic layers during 
MRAM operation. The aluminum oxide non-nagnedc layer 28 acts as an electron sharing 
layer when, the magnetic orientation of the two magnetic layers is opposite, causing them to 
5 attract. Electrons arc shared Through rhr valence hands of the non-magnetic, non- 
conductive layer 28, allowing for electron migration. However, when the magnetic 
orientation of the two magnetic layers is alike, causing them to repulse, this aluminum 
oxide layer 28 provide* an effective barrier layer preventing electron migration. 

Over this non-magnetic layer 28 a second magnetic layer (M2) 30 is confonnalry 
ID deposited. This M2 layer 30 ftirnu the free layer of the MRAM device 32. The M2 layer 
3D can be comprised of one or more layers of materials similar to those of the Ml layer 22, 
preferably NiFc and should also be about 10- 1 00 A rhidc. Over the M2 layer 30 is formed 
a capping and barrier layer 31 lo provide oxidation and diflusion barrier protection. This 
layer 31 can be comprised of tantalum and should be about 20-400 A thick. 

15 As opposed to the Ml layer 22 (the pinned layer), the M2 hiycr 30 will not liavc 

a fixed magnetization orientation and will be free to shift this orientation, and thus acts n> 

the element for determining the stored value of a memory cell. It is the shifting of the 

magnetic orientation of the M2 layer 30 that allows the MRAM device to store data as one 

of rwo logic levels. This is accomplished by changing the current flow in the sense line of 
20 the M2 iaycr 30 to be in one direction or the opposite direction, thereby causing the 

related magnetic fields to reverse. Oppositely directed current flows for the M2 30 layer, 
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result in magnetic field* of opposite polarity, which interact with the pinned magnetic field 
of the Ml 22 layer so that cither a "0" or a M l" is read by the sense line as different 
resistances. 

Referring to FIG. VI, the MRAM stacics 32 arc now patterned over the 
5 substrate. This is a serf-aligning process. Another photoresist mask 15 is formed and 
patterned over the capping and barrier layer 31 and the M2 layer 30 and the remaining 
layers 16, 18, 19, 20, 21, 23, 22 of the bottom portion 38 of the MRAM stack 32. This 
photoresist mask 15 defines discrete and isolated regions of M2 layer 30 and non-magnetic 
layer 28 over the Ml layer 22 (capped with layer 31). 

10 Referring to FIG. VTI, layer 31, the M2 layer 30 and die non-magnetic layer 28 

sue next removed to expose die underlying insulating layer 11 and portions of rhc bottom 
portion 38 of the MRAM stacks 32. This may be accomplished by selectively etching layer 
31 , the M2 layer 30 and the ahiminura oxide nOQ -magnetic layer 28 over the underlying 
marerials ro leave discrete islands 34 of layers 31, 30, and 28 over the rows of the bottom 

15 portions 38 of the MRAM stacks 32. Thrn the phntnrwist mask IS is removed and the 
islands 34 over the MRAM stacks 32 are polished by CMP to form the MRAM stacks 32 
shown in FIG. VII. 

By the method of the invention, the M2 layer 30 can be accurately controlled in 
it* positioning over and in relation :o the Ml layer 22 by the masking and etching steps 
20 described in relation to PIG. VI and FIG. VII. This accurate control improves the 
cfectrkal characteristics of the MRAM device. Because of the differences in characteristics 
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betweeu the magnetic material and the non-magnetic material ina the nitride sidewall 24, 
the outer edges of the M2 layer 30 am be adjusted to be outside or inside those of the Ml 
layer 22, vrithout the need for multiple reticles, depending on the desired application. The 
invention also reduces ibc lateral direction sensitivity in positioning the M2 layer 30 over 
5 the Ml layer 22 because the completed MRAM srack 32, including the already fbnucd 
underlying structure containing the Ml layer 22 and the now Sinned M2 layer 30, is 
defined in a single self-aligning step when the M2 layer 30 and the non-magnetic layer 28 
are etched ro leave those layer* 28, 30 only over the already defined Ml layer 22. 

Referring to FIG. VTH, liter formation of the MRAM stack 32 the M 2 layer 30 
10 and the non-magnetic layer 28 (and the capping/hairier layer 31 ) islands 34 on the top of 
the MRAM stack 32 are isolated by depositing a layer of dielectric material 40 over the 
islands 34, the exposed rows of the bottom portion 38 of the MRAM stacks 32, and 
underlying wafer as shown. The dielectric layer 40 cm be TEOS or CVD nitride. 

The capping and barrier layer 31 of each island 34 is rc -exposed by etching 
15 tluou^h die dickxUic layer 40 to allow for the fouuation of interconnect lines. The M2 
layer 30 of the island 34 is connected (through layer 31) u> an upper conductive 
interconnect line 36, which is the sense line or wordlinc, formed orthogonal to the 
underlying botrom portion 38 of the MRAM stack 32. The M2 byer 30 of the island 34 
is thereby connected to the M2 toyer 30 of other inlands 34 over other Ml layers 22 by 
20 this upper conductive interconnect line 36. This upper conductive interconnect line 36 is 
preferably copper and about 2000 A thick. Next, a dielectric layer (not shown) is blanket 
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deposlted over the MRAM stacks 32 and the upper conductive interconnect lines 36. This 
dielectric Uyw is polished to form a planarizcri surface over rhc upper conductive lines 36 
(not shown for illustrative purposes). This dielectric layer can also be TKOS or CVD 
nitride. 

5 As stated, the bottom portion 38 of each MRAM stack 32, including the nitride 

layer 16, the tantalum layer 18, the copper layer 20, and the Ml layer 22 mn contiguously 
under the M2 layer islands 34, connecting multiple M2 layer islands 34 in rows orthogonal 
to the upper conductive interconnect lines 36, All of the M2 layer islands 34 not 
connected on the same upper conductive interconnect line 36 or on die same Ml layer 22 

10 arc dcctricalh/ isolated from each other by the dielectric layer 40 deposited over the entire 
wafer. The underlying bottom portions 38 of each MRAM stack 32 are also electrically 
isolated from other MRAM stacks 32 by this dielectric layer 40. 

After the formation of the MRAM sacks 32, the M2 layer islands 34, the 
isolation of the MRAM stacks 32 and the M2 layer islands 34, and the formation of the 
1< upper ennrhutivr interconnect lines 36, MKAM pmresring continues ^ known in rhc an. 

As already discussed, the MRAM devices are connected to controlling transistors. 
These controlling transistors (not shown) are fabricated within the CMOS layer 1 1 and can 
be located in the periphery around the MRAM array. lucre can be contacts from the 
copper interconnect lines 20, 36, the digit and sense lines, for the Mi and M2 layers 22, 
20 30; one contact for each copper interconnect. Each contact is connected to at least one 
controlling transistor in the periphery, which is used to turn the memory devices on or off. 
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These transistors can be formed by standard CMOS processing as known In the arc To 
conserve wafer space, ar least some of the accompanying transistors, such as those for logic 
and decoding, can be located below the MRAM array. 

This invention provides the ability to form MRAM devices as described above 
5 with high levels of vertical integration. This can be accomplished by fonuing a plurality of 
similar stacks and connects in the vertical direction. The MRAM sucks 32 and connects, as 
described above in relation to FIGs. I-VITl, may be duplicated a plurality of times in die 
vertical direction, thereby saving valuable wafer space. These additional levels of 
integration can be formed over the dielectric layer formed over and around the MRAM 
li> device upper interconnect lines 36, described above. The second level of integration is 
formed by the same process described above in relation to FIGs. I-VHI over this dielectric 
layer. 

FIG. DC illustrates a processor system (e.g., a computer system), with which a 
memory having an MRAM memory device as described above may be used- The processor 

15 system comprises a central processing unit (CPU) 102, a memory circuit 104, and an 
input/output device (I/O) 100. The memory circuit 104 contains an MRAM, and 
possibly another memory device, including devices constructed in accordance with the 
pitscnt invention. Also : the CPU 102 may itself be an integrated processor, in which both 
the CPU 1 02 and die memory circuit 104 may be integrated on a single chip, so as to fully 

20 utilize the advantages of the invention. This illustrated processing system architecture is 
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merely exemplary of many different processor system architecture with which the invention 
can be used. 

The above description and accompanying drawing? arc only illustrative of 
exemplary embodiment, which can achieve the features and advantages of the present 
j invention. It is not intended that dae invention be limited to the embodiments shown and 
described in deadl herein. The invention can be modified to incorporate any number of 
variations, alterations, substitutions or equivalent arrangements not heretofore described, 
but which arc oommensiuau; with the spirit and scope of the invention. The invention is 
only limited by the aLvyc of the following claims. 

10 

What is claimed is: 
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1 . A method of forming an MRAM device, comprising: 

forming freestanding insulating sidewalk over a substrate to define a protective region 
bounded by said sidewalk, .said sidewalk being formed above the uppermost level 
5 nf said substrate; 

forming a bottom magnetic layer within said protective region; and 
forming a lop magnetic layer over a region of said bottom magnetic layer. 

2 . The method of claim 1 , wherein said freestanding insulating sidewalk are 

interconnected along their length by a bottom insulating layer between said 
10 sidewalk. 

3. X he method of claim 2, wherein the act of forming said freestanding insulating 

sidewalk and said hotrom insulating layer comprises: 
forming a first insulating layer over said substrate and uvcr at least two spaced 
sacrificial regions formed over said substrate, said sacrificial regions being 
1 s substantially parallel to each other, extending longitudinally across said substrate, 

and having substantially vertical sidewalk, wherein said insulating sidewalk arc 
formed on said substantially vertical sidewalk of said sacrificial regions and said 
bottom in «i brin g layer is formed between said sacrificial regions; and 
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removing said at least two sacrificial regions and the portion of said first insulating 
layer formed thereover to leave said freestanding insulating sidewalk and said 
bottom insulating layer between said freestanding insulating sidcwalls, said 
freestanding insulating sidewalls and said bottom insulating layer cadi formed of 
5 said first insulating layer. 

4. The method of claim 3, wbcrcin the act of forming said bottom magnetic layer 

comprises - 

forming a seed layer over said first insulating layer and within said protective region; 
forming an anti-ferromagnede layer over said seed layer and within said protective 
10 region; and 

forming said bottom magnetic layer over said anti- ferromagnetic layer and within said 
protective region, wherein said bottom magnetic layer has an upper recessed 
region. 

5. The mcdiod of claim 4, further comprising: 

15 forming a first barrier layer over said first insulating layer and within said protective 

region, wherein said first insulating layer comprises a nitride; 
forming a conducting layer over said barrier layer and within said protective reginn; 
forming a second harrier layer over said conducting layer and within said protective 

region, wherein said Reed layer is formed over said second barrier layer; 
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rcmoving the portions of said barrier layers, said conducting layer, said seed layer, said 
mti- ferromagnetic layer, and said bottom magnetic layer that overly said sacrificial 
regions simultaneously with said removing of said sacrificial regions and said 
portion of said first insulating layer formed thereover; and 
5 pulialdjig Uic not removed portions of said first insulating layer, said fint barrier layer, 

said conducting layer, said second barrier layer, said seed layer, said anti- 
ferromagnetic layer, and said bottom magnetic layer using said first insulating layer 
as a scop layer for said polishing. 

6. The rnediod of claim 5, wherein said act of removing portions of said first insulating 
lo layer, said first barrier layer, said conducting layer, said second barrier layer, said 

seed layer, said anti-fertomagnetic layer, said bottom magnetic layer, and Mid 
sacrificial regions, comprises etching. 

7. The mr.thfMl of claim 5, wherein said first and second barrier layers comprise tantalum. 

8. The method of claim 5, wherein said conducting layer comprises copper. 
1 5 9. The method of claim 5, wherein said seed layer comprises nickel iron. 

10. Hie method of claim 5, wherein said anti-fenumagoctic layer comprises iron 

manganese 

1 1 . The method of claim 5 , wherein said bottom magnetic layer comprises nickel iron. 
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12. The method of claim 5, wherein said sacrificial regions comprise in oxide. 

13. The method of claim 5, wherein the act of forming said top magnetic layer comprises: 
forming a layer of non-magnetic material over said bottom magnetic layer and within 

.said upper recessed region of said bottom magnetic layer, 
5 forming said top magnetic layer over said layer of nou -magnetic material; 

forming a third barrier layer over said top magnetic layer; and 
removing portion of said layer of non-magnetic material, a portion of said top 
magnetic layer, and a portion of 6aid third barrier layer to leave an island of said 
nou-magnctic material, said top magnetic layer, and said third barrier layer over 
10 said region of said bottom magnetic layer. 

14. The method of claim 13, wKcrcin the act of removing a portion of said layer of non- 

magnetic material, a portion of said top magnetic layer, and a portion of said third 
barrier layer comprises etching. 

15. The method of claim 1 3, wherein said layer uf nuu-magneiic materia! comprises 
15 aluminum oxide. 

1 6. The method of claim 1 3, wherein said top magncti: layer comprises nickel iron. 

17. The method of claim 1 3, wherein said third barrier layer comprises tantalum. 
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1 8 . The method of claim 1 3 , farther comprising forming a cooductive interconnect line 
over said island of said non-magnetic material, said top magnetic layer, and said 
third barrier layer, said conductive interconnect line being orthogonal to said 
bottom magnetic layer. 

S 19. The method of claim 18, wherein said conductive interconnect line is a wordlinc and 
said conducting layer is a bit line. 

20. The method of claim 18, further comprising forming a dielectric layer over said 

conductive interconnect line, said first magnetic layer, and said substrate. 

21. A method of forming an MRAM memory device, comprising: 

10 forming a freestanding stacked structure above a substrate, said stacked structure 

comprising nitride sidewalk and a nitride bottom layer interconnecting said 
sidewalls, a conducting layer within said nitride sidewalk, and a first magnetic layer 
within said nitride sidewalls and over said conducting layer, 
forming a non- magnetic layer over a region of said stacked structure; ?nd 

IS forming a second magne tic layer over said non- magnetic layer. 

22. The method o: claim 21 , wherein the act of forming said freeffarding stacked 

structure composes: 

forming raised oxide layer regions over portions of said substrate, wherein portions of 
said substrate between said raised oxide layer region* are exposed; 
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forming a nitride layer over said raised oxide layer regions and said exposed portions 
of said substrate ; 

forming said conducting layer over said nitride layer; 

forming said fust magnetic layer over said conducting layer; 
S etching to expose said substrate where under said oxide layer regions to form said 

freestanding stacked structure, which includes said nitride side walls, a remaining 
bottom nitride layer between said sidewalls, a remaining conductive layer over said 
remaining bottom nitride layer, and a remaining first magnetic layer over said 
remaining conductive layer, said first magnetic layer having an upper recessed 
10 region; and 

polishing said freestanding stacked structure using said nitride sidewalls as a stop layer. 

2 3 . The method of claim 22 , wherein act of polishing said freestanding stacked structure 
does not remove said upper recessed region of said first magnetic layer. 

24. The method of claim 22, wherein said act of forming said freestanding stacked 
15 structure further comprises: 

forming a Orsl barrier byer within said nitride sidewalls and over said nitride bottom 

layer, wherein said conducting layer is formed over said first barrier layer; 
forming a second barrier layer within said nitride sidewalls and over said conducting 
layer, 
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mrming a seed layer within said nitride sidewalk and over said second barrier layer; 
and 

forming an aati- ferromagnetic layer within said nitride sidcwalls and over said seed 
layer, wherein said first magnetic layer is funned over said anti-ferromagncric layer; 
5 wherein said oxide layer region*, said nitride layer, said first and second barrier layers, 

said conductive layer, said seed layer, said ana- ferromagnetic layer and said first 
magnetic layer arc ciched simultaneously to expose said substrate and form said 
freestanding stacked structure. 

25 . The method of claim 24 , further comprising polishing said stacked structure using 
jo *aid nitride adtrwalb as an etch stop layer. 

26. The method of claim 25 , wherein said forming of said non-magnetic layer and said 

second magnetic layer comprise: 
forming said non-maunctic layer over Sidd frcc*Unding stacked structure and said 
substrate; 

15 forming said second magnetic layer over said non-magnetic layer, 

removing portion's of said second magnetic layer and said non-magnetic layer from 
over said substrate and said s racked structure, wherein said second magnetic layer 
and said non-magnetic layer remain over said region of said stacked structure, and 
wherein said removing of said second magnetic layer and said non-magnetic layer 
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kaves an island of said second magnetic layer and said non-magnetic layer over 
said stacked structure. 



27. The method of claim"26, further comprising: 

forming a third barrier layer over said second magnetic layer, a portion of which is 
S removed simultaneously with said second magnetic layer, wherein said act of 

removing portions of said third barrier layer, said second magnetic layer and said 
non-magnetic layer comprises etching. 



23. The method of claim 24, wherein said first and second harrier layers comprise 
tantalum. 



10 29. The method of claim 24, wherein said conducting layer comprises copper. 



30. The method of claim 24, wherein said seed layer comprises nickel troo. 



3 1 . The method of claim 24. wherein said anti-tenarnagnetic layer comprises iron - 
mangaicsc. 



32. The method of claim 24, wherein said fir*r magnetic layer comprises nickel iron. 



15 33. The method of claim 26, wherein said non-magnetic layer comprises aluminum oxide. 
34. The method of claim 26, wherein said second magnetic layer comprises nickel iron. 
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35. The method of claim 27, wherein said third harder layer comprises tantalum. 

36. The method nf claim 27, further comprising forming a conductive interconnect line 

over said third barrier layer, said conductive interconnect line being orthogonal to 
laid stacked structure. 

5 37. The method of claim 36, wherein said conductive interconnect line is a wordiine and 
said conducting layer is a bit line. 

38. The method of claim 36, fuithcr comprising fonning a dielectric layer over said 
conductive interconnect line. 



39. A method of forming a semiconductor device, comprising. 

10 funning a plui iiily of layers of MRAM cells over a substrate, ttc fonning of at least 

one of said layers of MRAM cells comprising: 
forming a: least one first freestanding stacked structure over a substrate, said at least 
one first freestanding stacked structure having first nitride sidewalk, a first nitride 
bottom layer rnterconnecring said first nitride sidewalk, and the following layers 

IS over said first nitride bottom layer and within said nitride sidewalk: a first barrier 

layer over said first nitride bottom layer, a conducting layer over said first barrier 
layer, a second barrier layer over said conducting layer, a seed layer over said 
second barrier layer, an ond-ferromagnetic layer over said seed layer, and a bottom 
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magnetic layer and over said and- ferromagnetic layer, said bottom magnetic layer 

having a recessed region; 
forming a first oon- magnetic layer over a first region of t»aid bottom magnetic layer of 

said at least one first freestanding sucked structure and widiin said recessed region 
S of said bottom magnetic layer; 

forming a first top magnetic layer over said first non-magnetic layer; 

forming a third barrier layer over said first top magnetic layc.- and 

forming a first conductive interconnect line over said third barrier layer, wherein said 

first conductive interconnect line is orthogonal to said ?t Irast one fim 
10 freestanding stacked structure. 

40. The method of claim 39, wherein the act of forming said at least one first freestanding 
stacked structure comprises: 
forming substantially parallel first raised oiide. layer regions over portions of a 

substrate, herein portions or said suhstrare between said first raised oxide layer 
15 regions are exposed; 

forming a first nitride layer over said first raised oxide layer regions and said exposed 

portions of said substrate; 
forming said first barrier layer over said first nitride layer; 
fonning said conducting layer over said first barrier layer; 
20 forming said second barrier hycr over said conducting layer; 
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forming said seed layer over said second barrier layer; 

forming said anti-ferromagnetic layer uvu said accd layer; 

forming said first bottom magnetic layer over said anti- ferromagnetic layer; 

etching to expose said substrate where under said first oxide layer regions to form said 

at lease one freestanding stacked structure; and 
polishing said at least one freestanding stacked srnirnirr using aid first nitride 
side walls as a stop layer, so as to leaw said reces/srd region in said first bottom 
c layer. 
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41. The method of claim 40 , further comprising: 

10 forming a dielectric byer over said tint conductive interconnect line and said 

substrate; and 

forrning at least one second layer of MKAM cells over said dielectric layer. 

42. The method of claim 40, wherein said first and second barrier layers comprise 

J 5 43. The method of claim 40, wherein wiid conducting layer comprises copper. 

44. The method of claim 40, wherein said conductive interconnect line comprises copper. 

45 . The method of claim 40, wherein said seed layer comprises nickel iron. 
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46. The method of claim 40, wherein said and -ferromagnetic layer comprises iron 



47. The method or claim 41), wherein said first bottom magnetic layer comprise* nickel 

iron. 

48. The method of daim 40, wherein said first non-magnetic layer comprises aluminum 

oxide. 

49. The method of claim 40, wherein said first top magnetic layer comprises nickel iron. 

50. The method of claim 40, fur±cr comprising: 

forming at least one second freestanding stacked structure adjacent to and 
substantially parallel to said first freestanding stacked structure, wherein said 
second freestanding sucked structure comprises identical layer* as said first 
freestanding stacked structure, wherein said first conductive interconnect line is 
over said third barrier layer of each said freesranding stacked structure and 
connects said first ;«nd said second freestanding stacked structures. 



15 51. The method of claim 50, wherein said first conducting layers uf said first and second 
freestanding stacked structure* arc bit lines and said first conductive interconnect 
line is a wordlinc . 
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52. The method of claim 50, wherein said merhod is repeated over a dielectric layer 

formed over said firs: and second freestanding sucked structures, said conductive 
interconnect line, and said substrate. 

53. A method of forming an MRAM device, comprising: 

forming at least two spaced oxide regions over a substrate, said at least two spaced 
oxide regions having substantially vertical sidcwalls and being substantially parallel 

to one another; * 
fotiiiiuR a uiiride layer uvcr said at IcasL two spaced oxide regions and said substrate, 

wherein said nitride layer is formed on said substantially vertical sidewalk of said at 

least two spaced oxide regions; 

forming a first barrier layer over said nitride layer, 

forming a conducting layer over said first barrier layer; 

forming a second barrier layer over said conducting layer; 

forming a seed layer over said second barrier layer; 

forming an anli-feiromagiiciit layer over said seed layer, 

fonning a bottom magnetic layer over said and -ferromagnetic layer; 

exposing said substrate under iaid at least two spacer oxide regions by etching, 

thereby forming nitride sidewalls comprising remaining said nitride layer, wherein 
said sidewalls partially surround said first barrier layer, said conducting layer, said 
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second barrier byer, said seed layer, said anti-ferromagnetic layer, and said bottom 
magnetic layer; 

polishing said bottom magnetic layer, said anri-feiroinagnetic layer, said seed layer , 
said second barrier layer, said conducting layer, said first barrier layer, and said 
5 nirride layer, using said nitride sidewalk as a slop layer, so that said bottom 

magnetic layer maintains a recessed region in an upper portion thereof; 

forming a non-magnetic layer over said bottom magnetic layer and said substrate; 

forming a top magnetic layer over said non- magnetic layer; 

forming a third barrier layer ovr.r said rnp magnetic layer; 

13 etching said nor- magnetic layer, said top magnetic layer and said third barrier layer so 

as to leave islands of said non -magnetic layer, said top magnetic layer, and said 
third barrier layer over regions of said bottom magnetic layer: 
polishing said Jiird barrier layer; 

forming a dielectric layer over said third barrier layer and said substrate; 
15 exposing tops of said islands through said dielectric layer; and 

forming conductive interconnect lines over said islands, wherein said conductive 
interconnect lines arc orthogonal to said bottom magnetic layer. 

54. The method of claim S 2 , wherein said barrier layers comprise tantalum. 

55 . The method of claim 5 3 , wherein said conducting layer comprises copper. 
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56. The method of claim 53, wherein said seed layer comprises nickel iron. 

57. The method of claim 53, wherein said anti-ferromagnetic layer comprises iron 

manganese. 

58. The method of claim 53, wherein said bottom magnetic layer comprises nickel iron. 

5 59. The method of claim 53, wherein said noii-magnctic layer comprises aluminum oxide. 

60. The method of claim 53, wherein said top magncric layer comprises nickel iron. 

6! . The method of claim 53, wherein said conductive inrerronnrcr lines comprise copper. 

62. The method of claim 53, wherein said conductive interconnect lines are wordlines and 
said conducting layer is a bit line. 

10 63. The method of claim 53, wherein said method is repeated in the vertical direction 
after forming a dielectric layer over said conductive interconnect lines and 
polishing said dielectric layer. 

64. An MRAM device, comprising: 



a substrate; 
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an insulating layer over said substrate, said uwulating layer comprising sidewalk and a 
bottom portion between said sidcwalls, said insulating layer being over the 
uppermost portion of said underlying substrate; 

a first conductive layer over said bottom portion of said insulating layer and between 
5 said sidewalls; 

a first ma gne tic layer over said conductive layer and between said sidewalls; and 

a second magnetic layer over a region of said first magnedc layer. 

65. The MRAM device of diim 64, further comprising; 

a first barrier layer over said bottom insulting layer and between said sidcwalls, 
t o wherein said first conductive layer is over said first barrier byer ; 

a second barrier layer over said first conductive layer, 
a seed layer over said second barrier layer; and 

an anti-ferromagnetic layer over said seed layer, wherein said first magnetic layer is 
over .said anti-fcmiiaugncik Uyci . 

15 66. The MRAM device of daim 65, wherein said first magnetic layer has an upper recess 
in a portion thereof. 

67. The MRAM device of dairo 66, mrthr.r comprising: 
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a non-magnetic layer over said region of said first magnetic layer, wherein said non- 
magnetic layer is at least partially within said upper recess of said first magnetic 
layer and said second magnetic layer is over said non-magnetic layer; 

a third barrier layer over said second magnetic byer; and 
5 a second conductive layer over said third barrier layer and orthogonal to said first 

conductive layer. 

68. The MRAM device of claim 67, wherein said first magnetic layer has a pinned 

magnetic orientation, and wherein said second magnetic layer has a free magnetic 
orientation. 

io 69. The MRAM device of cbira 67, wherein said insulator layer comprises a nitride. 

70. The MRAM device of claim 67, wherein said barrier layers comprise tantalum. 

71 . The MRAM device of claim 67, wherein said first conductive byer comprises copper. 

72. The MRAM device ufebim 67, wherein said seed Uycr comprises nickel iron. 

73. The MRAM device of claim 67, wherein said anti-ferromagnetic byer comprises iron 
15 manganese 

74. The MRAM device of claim 67, wherein .said firsr magnetic layer comprises nickel 

iron. 
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75. The MRAM device of claim 67, wherein said non-magnetic layer comprises aluminum 

nxidc. 

76. The MRAM device of claim 67, wherein raid top magnetic layer comprises nickel 



5 77. The MRAM device of claim 67, wherein said second cooductive layer comprises 
copper. 

78. Tlic MRAM device of claim 67, wherein said Erst conductive layer is a bit line and 

said second conductive layer is a wordline. 

79. The MRAM device of cfaira 67, further comprising a dielectric layer over said second 
10 conductive layer. 

80. A memory device, comp rising: 
a substrate; 

a plurality of substantially parallel and spaced msulating structures above the 
uppermost portion of said substrate, each said insulating structure comprising 
1 3 sidcwalls and a bottom portion between said sidewalk and being separated by an 

insulating material which is between said structures and over said substrate; 

a first barrier layer within said sidcwalls and over said bottom portion of said 
insulating structures; 
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a 6rst conductive layer over said first barrier layer and within said sidewalk: 
a second barrier layer over said first conductive layer and within said sidewalk; 
a seed layer over said second barrier layer and within said sidewalis; 
an anti-ferromagnetic layer over said seed layer and within said sidewalis; 
5 a first magnetic layer over said anti-ferromagnetic layer and within said sidewalis, said 

first magnetic layer having an upper recess in a portion thereof; 
a plurality of islands over said first magnetic layer, wherein said islands comprise a 

non-magnetic layer over said firs: magnetic layer and at least partially within said 

upper recess, a second magnetic layer over said non-magnetic layer, and a third 
10 barrier layer over said second magnetic layer; and 

a second condattivc layer over C2ch island of said plurality of islands, said second 

conductive layer being orthogonal co said first magnetic layer. 

81. The memory device of claim 80, wherein said first magnetic layer has a pinned 

magnetic orientation, and wherein said second magnetic layer has a free magnetic 
15 orientation 

82. The memory device of claim 80, wherein said sidewalis and said bottom portion of 

said plurality of insulating structures comprise a nitride . 

83. The memory cevkc of claim 80, wherein said barrier layers comprise tantalum. 
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8*. The memory device of claim 80, wherein said conductive layers comprise copper. 

85. The memory device of daim 80, wherein said seed layer comprises nickel iron. 

86. The memory device of daim 80, wherein said and -ferromagnetic layer comprises iron 

manganese. 

5 87. The memory device of claim 80, wherein said first magnetic layer comprises nickel 
iron. 

88. The memory device of daim 80, wherein said non-magnetic layer comprises 

aluminum oxide. 

89. Ihe memory device of daim 80, wherein said wcond magnetic layer comprises nickel 
10 iron. 

90. The memory device of daim 80, wherein said first conductive layer is a digit line and 

said second conductive layer is a tense Knc. 

9 1 . The memory device of daim 80, further comprising a diekcirk layer over said second 

conductive layer. 

15 92. An MRAM device, comprising; 
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a pair of nitride sidewalk and a nitride bottom layer between said sidewalk, said 
sidewalk and bottom layer being above the uppermost level of an underlying 
substrate; 

a first barrier layer over said nitride bottom layer and wiiliin said nitride sidewalk; 
5 a first conductive layer over said first barrier layer and wirhm said nitride sidewalk; 

a second barrier layer over said first conductive layer and within said nitride sidewalk; 

a seed layer over said second barrier layer and within said nitride sidewalk; 

an arid-ferromagnetic layer over said seed layer and within said sidewalk; 

a tint magnetic layer over said aiiu-feiromagueric layer and within said nitride 
10 sidewalk, said Gist magnetic layer having an upper recessed region therein; 

a non-magnetic layer over a region of said first magnetic layer and within said upper 
recessed region of said first magnetic layer; 

a second magnetic layer over said non-magnetic layer; 

a third barrier layer over said second magnetic layer; and 
IS a second conductive layer over said third barrier layer, said second conductive layer 

being orthogonal to said first magnetic layer. 

93. 'Ihe MM AM device of daim 92, wherein said harrier layers comprise tantalum. 

94. The MRAM device of daim 92, wherein said conductive layers comprises copper. 
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95. 7hr. MRAM device, of claim 92, wherein said seed layer comprises nickel iron. 

96. The MRAM device of claim 92, wherein said anti- ferromagnetic layer comprises iron 

ma n ga n ese. 

97. The MRAM device of claim 92 , wherein said first magnetic layer comprises nickel 
5 iron. 

98. The MRAM device of claim 92 , wherein said non-magnetic layer comprises aluminum 

oxide. 

99. The MRAM device of claim 92, wherein said second magnetic layer comprises nickel 

iron. 

10 1 00. The MRAM device of claim 92, wherein said second conductive layer is a sense line 
and said first conductive layer is a digit line. 

101 . The MRAM device of claim 92, further comprising a dielectric layer over said second 

conductive layer. 

102. A processor system * comprising: 

IS a processor; and 

an MRAM memory circuit coupled to said processor, wherein said MRAM memory 
circuit comprises: 
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an insulator structure having a pair of sidewalk and a bottom portion imcrconnecting 
said sidewalk, said srrocrure being above an underlying substrate and the 
uppermost portion thereof; 

a first conductive layer over said bottom portion and within said sidewalk of said 
i insulator structure; 

a seed layer over said first conductive layer and within said sidewalk; 

an anti-ferromagnetic layer over said seed layer and within said sidewalk; 

a first magnetic layer over said anti -ferromagnetic layer and within said sidewalk; 

a non- magnetic layer over a region of said first magnetic layer; 
10 a second magnetic layer over said nun-magnetic Uycr; and 

a second conductive layer over said second magnetic layer and orthogonal to said first 
magnetic layer. 

103. The processor system of claim 102, further comprising: 

a first barrier layer over said bottom portion and within said sidewalk of said insulator 
15 structure, wherein said first conductive layer is over said first barrier layer; 

a second barrier layer over said first conductive layer, wherein said seed layer k over 

said second barrier layer; and 
a third barrier layer over said second magnetic layer, wherein said second conductive 
layer is over said third barrier layer. 
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104. The processor system of claim 103, wherein said first magnetic layer comprises an 

upper recessed region, and said non- magnetic layer is within said upper recessed 
region of said first magnetic layer. 

105. The processor system of claim 104, wherein said sidewalk and said bottom portion of 
5 said insulator structure comprise a nitride. 

106. The processor system of claim 104, wherein said barrier layers comprise tantalum. 

107. The processor system of claim 104, wherein said conductive layers comprise copper. 

108. The processor system of claim 104, wherein said seed layer comprises nickel iron. 

109. The processor system of claim 104, wherein said anri-fermmignetic layer comprises 
10 iron manganese. 

110. The processor system of claim 104, wherein said first magnetic layer comprises nickel 

iron. 

111. The processor system of claim 104, wherein said non- magnetic layer comprises 

aluminum oxide. 

15 112. The processor system of claim 1 04, wherein said top magnetic layer comprises nickel 
iron. 
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113. The processor system of claim 104, wherein said second conductive layer is a sense 

line and said first conducive layer is a digit line. 

114. The processor system of claim 104, further comprising a dielectric layer over said 

second conductive layer. 

5 115. The processor system of claim 104, wherein both the processor and the MRAM 
circuit arc integrated on a single chip, 

1 16. A mclhud of foiuiiug an MRAM structure comprising: 

forming a plurality of spaced longitudinally extending sacrificial regions over an 
insulating layer; 

1 0 forming a plurality of material layers over said insulating layer and said sacrificial 

regions, the lowermost one of said material layers being an insulator layer having a 
U -shape cross section profile between said spaced sacrificial regions, at least one. of 
said material layers being a conductive layer fiormed over said insulator layer of said 
material layers, and at least one of said material layers being a magnetic mate rial 

l s layer formed over said conductive layer; and 

etching ro remove said sacrificial regions and said material layers where overiying said 
sacrificial regions to form a plurality of spaces stacked structures which induce 
porrions of said lowermost insulator layer having said U-shape profile, and 
portions of said conductive and smd magnetic material layers fanned within said 

20 U-shaped profile of said insulator layer. 
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117. The method or daiiu 116, further comprising: 

forming a noo-magnede byer over said plurality of spaced stacked su uctures and 
insulating layer: 

forming a second magnetic byer over said non -magnetic layer; 
5 removing portions of said non-magnetic layer and said second magnetic layer by 

etching, leaving islands of aaid non-magnetic byer and said second magnetic layer 
over regions of said magnetic layer of said plurality of spaced stacked structures. 
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